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The process governing the system is the reaction of iron with oxygen and water, which yields ferric hydroxide (Fe2(OH)3) also known as red rust as a byproduct.
4Fe + 3O2 + 6H2O → 4Fe(OH)3.​
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Background
Computational fluid dynamics (CFD) and thermal analysis
simulations were conducted using ANSYS Workbench. Several
simulations were run to observe the temperature changes in the
battery without the proposed system and with the proposed






The design proposed by this project is for an intimate heating 
system for the battery of a lunar rover. The proposed design 
accomplishes the following:
• Is a novel system, meaning that the specific mechanism key to
this system has not been flown in a previous NASA mission
(the key mechanism being the oxidation reaction involving iron
wool)
• Is activated on demand using a control system
• Safe for both robotic and manned missions
• Retains structural integrity and remains uncompromised in the
harsh conditions of lunar night
• Produces 1.024 W of thermal power per kg of mass added for
the duration of 100 hours of lunar night
• Weighs less than 10% of rover's weight
• Is reusable and can be adapted based on specific mission needs
• Simple to maintain and repair
Simulation
As we continue to explore the expanse of the lunar
surface, a potential existence of life supporting resources
has made the lunar south-pole a place of interest. After
confirming the existence of ice water on the moon 10 years
ago, NASA has recently unveiled their plan for a robotic
mission to the lunar south pole.
Scientists are particularly interested in the ice collected at
the base of deep shadowed craters. A study of samples from
these craters can potentially reveal insights on the moon's
history and aid future moon explorers.
Map of Known Water Ice Deposits 
near the Lunar South Pole
The goal of the heating system is to maintain the
temperatures of the battery within specified limits
regardless of external influence or internal thermal loads
The concept evolved from the study of military grade
hand warmers. Heat generated from the exothermic
rusting of iron is repurposed to heating the battery.
Because of the spontaneity of the reaction, an automatic
system for delivery is used to combine the reactants in a
reaction chamber and the heat generated is transferred
through conduction.
Abstract
The purpose of this project is to design a novel
heating system following NASA material and design
standards that can maintain the operating temperatures
of the battery of a lunar rover for 100 hours of lunar
night while reducing mass and power requirements of
existing systems.
Using exothermic chemical reactions as the basis for
generating thermal energy with minimal power
requirements, this system generates and provides heat
quickly to the battery.
The proposed design should be capable of producing
1 W of thermal power per kg of mass added while
generating enough energy to ensure the survival and
operation of a lunar rover’s battery.
• Assembly consists of 4 reaction chambers
adjacent to the battery on each side
• Heat generated within the chambers will travel
to the battery through conduction
• Chamber material was chosen to be aluminum
due to its mechanical and thermal properties
• Distribution of reactants within the system is
controlled by solenoid valves which are
controlled by thermal sensors
• When the sensors detect the temperature of the
battery reaching its lower limit, they will send a
signal to the Arduino microcontroller and
activate the solenoid valves which releases the
reactants
• Similarly, the valves will close when the upper
limit of the battery operation range has been
reached
• If the battery temperature passes the upper limit
of its operating range, the oxygen and water
valves will close, and the failsafe mechanism
will be activated; pumping out reactants from
the chambers into relief the tank
Reaction Chamber Prototype and Pathway
Low Vacuum Packing Chamber
Prototype and Testing
• To pack the prototype reaction chamber
with iron wool, a sealed low vacuum
chamber was created
• The air inside of the chamber is pumped
out just before deflection of the
structure begins to occur at around 2
minutes.
• To evacuate the remaining oxygen within
the chamber, candles were lit and allowed
to burn until they naturally extinguished
from lack of oxygen
Side view of battery heating adjacent to a 
prototype running at 50 psi
Side view of battery heating adjacent to 






The water distribution 
system consists of:
• Water reservoir


















• Once there was no oxygen remaining inside
the chamber, the iron wool is stripped of its
coating and stored in Ziploc bags for later
use.
• Once enough wool has been prepped to fill
the chamber, the wool is packed while
maintaining a specific porosity and geometry
• Next, the sensors and wires are placed
• Finally, the lid is bolted shut with the
attached gasket completing the seal
• During testing, water is pumped in at 0.27g/s









The temperatures plummet to
about -230 °C during lunar
night.
These temperatures are below
the survival range of the
components in a rover and
will lead to a catastrophic
failure in the system if not
dealt with. In order to
counteract these frigid
conditions, a heating system
has been designed to warm
the components.
Iron sample oxidizes to 
form red rust
4Fe + 3O2 + 6H2O → 4Fe(OH)3.
The rusting process occurs in 2 steps. First, the water
molecule dissociates the iron into cations in a process
known as oxidation, then the hydroxide ions left behind
attacks these iron cations (Fe2+) to form the iron oxidizes
that is observed as red rust.
The process governing the system
is the reaction of iron with oxygen
and water, which yields
ferric hydroxide(Fe2(OH)3) also know
n as red rust as a byproduct.
Setpoint temperature 5 °C
Operating range temperature 3 °C to 20 °C
Survival temperature -40 °C to 40 °C
Battery dimensions 20” × 10” × 10”
Rover body dimensions 1.4 m × 1.4 m × 2 m
Thermal power supplied by the 
TMS
23.54 W
Maximum weight of the system 90 Kg
Minimum power generated by 
system
1 W/Kg
Lunar night TMS operation time 100 Hours
Geometry with prototype cross-section 
and battery within rover body












Isometric view of final geometry analyzed 
using ANSYS
- Aluminum (Chamber walls, rover body)
- PVC (O2 dispersion tubing)
- Battery
- Iron (Iron wool)
- MLI
The simulation is done
assuming a thin bottom
layer of aluminum exposed
to -230°C covered by
MLI, on top of which the
chamber and battery are
located.
